Abstract Background: Identifying appropriate candidates for lumbar spine fusion is a challenging and controversial topic. The purpose of this study was to identify baseline characteristics related to poor/favorable outcomes at 1 year for a patient who received lumbar spine fusion. Questions/ Purposes: The aims of this study were to describe baseline characteristics of those who received lumbar surgery and to identify baseline characteristics from a spine repository that were related to poor and favorable pain and disability outcomes for patient who received lumbar fusion (with or without decompression), who were followed up for 1 full year and discriminate predictor variables that were either or in contrast to prognostic variables reported in the literature. Methods: This study analyzed data from 2710 patients who underwent lumbar spine fusion. All patient data was part of a multicenter, multi-national spine repository. Ten relatively commonly captured data variables were used as predictors for the study. Univariate/multivariate logistic regression analyses were run against outcome variables of pain/disability. Results: Multiple univariate findings were associated with pain/disability outcomes at 1 year including age, previous surgical history, baseline disability, baseline pain, baseline quality of life scores, and leg pain greater than back pain. Notably significant multivariate findings for both pain and disability include older age, previous surgical history, and baseline mental summary scores, disability, and pain. Conclusion: Leg pain greater than back pain and older age may yield promising value when predicting positive outcomes. Other significant findings may yield less value since these findings are similar to those that are considered to be prognostic regardless of intervention type.
Introduction
Identifying appropriate candidates for lumbar spine fusion (LSF) is a challenging and controversial topic. Common indications for LSF include segmental instability, progressive deformity [12] , spinal stenosis, or other progressive degenerative conditions [9, 23] . Despite the recommended indication, there are notable challenges with determining best candidates for success. First, the clinical tests and measures associated with fusion do not predict who is likely to benefit [38] . Second, it is well known that non-physical, non-pathoanatomical variables (e.g., depression) can independently influence outcomes after LSF [37] . Third, there is a notable lack of uniformity across clinical practice guidelines with respect to suggesting appropriate candidates for LSF [6, 30] .
Appropriate identification of predictive variables requires prognostic investigation. Carreon and colleagues [5] found that individuals with lower pre-operative SF-36 mental component summary scores and higher pre-operative Oswestry Disability Index scores had less improvement following LSF. However, it is well known that both of these variables are general prognostic factors for all forms of musculoskeletal disorders [25] . Variables such as these are not true effect modifiers; in other words, they do not directly specify which type of intervention is most appropriate for the patient, only that the patient is likely to improve regardless of the intervention provided (e.g., versus conservative, injection-based, supervised neglect, etc.). Findings such as these are less helpful when determining who are and are not candidates for surgery, although each does lend value in the grand scheme of clinical decision-making. This is a common problem that has been recognized previously and can lead to inappropriate decision modeling [21, 24] .
Although most psychosocial characteristics negatively influence outcomes with surgery, it is well known that the majority of surgeons do not utilize standardized patient questionnaires assessing psychosocial risks secondary to respondent/administrative burden [18] . With the advent of data repositories, data that are normally collected at point of entry are being analyzed for their potential value in decisionmaking. For example, administrative data captured in electronic health records are being used to determine the potential for recovery or failure after a hospital stay or intervention [4, 15, 27, 34] . This form of analysis known as practice-based research allows the identification of processes based on real-world outcomes [23] . Spine data repositories collect administrative data and encompass multiple clinics and numerous surgeons. Data repositories reflect multiple geographic regions and can reduce the biases associated with randomized controlled trials demonstrating greater external validity [31] .
The aims of this study were the following: (1) to describe characteristics of patients who received lumbar fusion surgery; (2) to identify baseline characteristics from a spine repository that were related to poor and favorable pain outcomes for patient who received lumbar fusion (with or without decompression), who were followed up for 1 full year; (3) to identify baseline characteristics from a spine repository that were related to poor and favorable disability outcomes for patient who received lumbar fusion (with or without decompression), who were followed up for 1 full year; and (4) discriminate predictor variables that were either unique (previously unreported) or in contrast to prognostic variables reported in the literature (provide findings that appear specific to the intervention applied).
Patients and Methods

Study Design
This was a retrospective, prognostic study that used data obtained from a multi-institutional, prospective spine outcomes registry. The spine outcomes registry involved data compiled from 14 spine surgical institutions in two countries (USA and Canada) and incorporated surgical results from 40 medical physicians who specialized in spine surgery. At the time of the data transfer, the prospective spine outcomes registry included surgeries such as discectomy, fusion, decompression, or decompression with fusion. This study explored a sample who received lumbar fusion surgery. Institutional review board approval was obtained by the local university health and ethics review board.
Participants
Participants for this study involved patients with lumbar disorders who received lumbar fusion surgery between the dates of 2002 to 2012. Only subjects with 1 year outcomes for Oswestry Disability Index (ODI) and a visual analog scale (VAS) for pain outcomes were included in the final tabulations (N=2710). There were no restrictions on type of diagnosis, type of surgical fusion approach, or age.
Procedures
A data transfer was initiated in December of 2014. Data were extracted from a Microsoft Excel file into a statistical management software system. Data include demographic variables, surgery type, surgery date, diagnoses, level (s) of surgery, outcomes, and complications at baseline and beyond.
Predictor Variables
Predictor variables included the following: (1) age, (2) body mass index (BMI), (3) gender, (4) previous back surgery history, (5) baseline ODI, unique baseline VAS for pain for both (6) low back and (7) leg pains, (8) baseline SF-12 Physical Component Summary (PCS) scores, (9) baseline SF-12 Mental Component Summary (MCS) scores, and (10) leg pain greater than back pain. ODI and VAS measures have been previously validated and are used widely in the spine surgery literature, with several studies showing their relevance to actual clinical practice [13, 14, 16, 20] . The SF-12 MCS scores and SF-12 PCS scores reflect the sub-scales for SF-12 Quality of Life questionnaire, which is routinely used in clinical practice for assessment of spine surgery [8] . Leg pain greater than back pain is a unique measure that was created by subtracting the total leg pain from the total back pain, during the baseline visit [17] . Values >0 were indicated as leg pain greater than back pain, whereas all other values (including equal findings) were consider otherwise.
Re-coding Predictor Variables
Because dichotomous variables are often easier to understand when using regression modeling (versus continuous variables), we explored clinically sensible and statistically significant cut points (thresholds) for each continuous variable [3] . Clinically sensible cut points are those that provide inherent value in clinical practice (e.g., heart rate of >100 when assessing potential for pulmonary emboli). When evaluating for statistically appropriate cut points, we utilized a distribution-based method that identified a dichotomous threshold within the inner 80% of the distribution [1, 26] . Once identified using either mean or median values, we evaluating the two groups statistically with the outcome measure (ODI or VAS for pain) to determine if a statistical difference was present between the two newly created groups. Only then did we consider dichotomizing the continuous variables.
Using this strategy, statistically significant thresholds were found to dichotomize age (≥52 years), baseline ODI (>52/100), and VAS for back and leg pain (>6/10). The variables gender, previous surgical history, and leg pain greater than back pain were already dichotomous. Because we found no clinically sensible or statistically significant distribution trends, BMI, SF-12 MCS, and PCS were retained as continuous variables. Nonetheless, to further assess linearity and distribution normality of each variable, we ran a Kolmogorov-Smirnov (KS) test and plotted the variables to identify potential curvilinear relationships. Although all three of the variables were not normally distributed, there were no obvious trends with plotting to suggest a benefit of categorization.
Control Variables
Control variables used to statistically control interactions within the modeling included presence/absence of complications, levels of surgery, and diagnosis. Presence/absence of complications was calculated by identifying any form of complication during the surgical intervention (e.g., neural, bleeding, hardware, etc., serious or incidental) reported within the database. For each patient, level or levels of surgery were tabulated and the variable created was the sum of all levels surgically treated. Lastly, diagnoses included degenerative disc disease, spondylolisthesis, deformity, post-laminectomy syndrome, non-union, stenosis, instability, and other.
Outcomes Measures
For this study, two different outcome measures were used: (a) percent change in pain (VAS) [16, 20] and (b) percent change in disability (ODI) [13, 14] . Percentage change for pain and disability was calculated by taking the difference of the VAS for pain and the ODI score (from baseline to the 1 year follow-up), and then dividing the difference by the baseline score, followed by multiplying by 100. The end product was a positive or negative percentage change expressed as a whole number. Use of percent change and the inclusion of a minimum of two different outcome constructs have been recommended by the Initiative on Methods, Measurement, and Pain Assessment in Clinical Trials (IMMPACT) group [11] . The IMMPACT work group recognized a 30% reduction in pain and disability from baseline as a lower threshold of success, whereas a 50% reduction from baseline is a substantially clinically important change [11] .
Determining Appropriate Number of Observations per Variable
For simple univariate multinomial or logistic regression, Homer and Lemeshow [22] have recommended a minimum observation-to-variable ratio of 10 but cautioned that a number this low will likely overfit a model. That said, upon removal of variables that demonstrated multicollinearity, we adopted their preferred observation-to-variable ratio of 20 to 1 for the multivariate modeling. With 2710 participants with full 1 year outcomes, we were in no danger of overfitting the models.
Data Analysis
All analyses were performed using Statistical Package for the Social Sciences, version 20.0 (SPSS Inc., Chicago, Illinois). Baseline predictor characteristics (including control variables) were plotted by means and standard deviations or by frequencies for the 50% outcomes thresholds (substantially clinically important change) for both VAS and ODI. Univariate logistic regression analyses were performed for each of the independent variables for four unique models (VAS 30 and 50%, ODI 30 and 50%) [11] . For each univariate model, number of surgical levels, presence/absence of complication, and diagnoses were used as control variables, by incorporating these variables within the modeling and exploring the interactions to the main effect. For each univariate analysis, individual P values, odds ratios, and 95% confidence intervals were reported.
Findings in the univariate analyses that yielded P values of 0.10 and under were considered in four distinct multivariate predictive models (VAS 30 and 50%, ODI 30 and 50%) [11] . For each multivariate model, number of surgical levels, presence/absence of complication, and diagnoses were used as control variables. For each multivariate analysis, individual P values, odds ratios, 95% confidence intervals, and Nagelkerke values were reported. A Nagelkerke is a pseudo R square measure that investigates the usefulness of the model [28] . For all models, a P value of <0.05 was considered significant.
Results
Baseline descriptions of those who did and did not meet a 50% improvement from baseline are largely similar with the exception of age, baseline pain and disability status, baseline SF-12 MCS and PCS scores, complications, leg pain greater than back pain, and diagnostic criteria (Table 1) . For the VAS for pain outcome, 56.1% of individuals met the 30% improvement from baseline, whereas 43% met the 50% improvement from baseline. For the 30% change of ODI from baseline, 48.4% reported improvement, whereas 32.4% reported a 50% change of the ODI from baseline.
For the univariate regression-based outcomes associated with 30% pain improvement at 1 year, older age, baseline VAS of >6/10 for back pain, and higher baseline SF-12 MCS and SF-12 PCS scores were associated with favorable results, whereas baseline ODI of >52/100 and previous surgical history were associated with poorer results. For the outcome associated with 50% pain improvement at 1 year, older age, and baseline SF-12 MCS and PCS scores were associated with favorable outcomes, whereas baseline ODI of >52/100 and previous surgical history were associated with a poorer outcomes (Table 2) . For the multivariate regression-based outcomes, all findings were similar to the univariate analyses with the exception of SF-12 PCS, which was not statistically significant in either 30 or 50% change ( Table 3) .
The same predictors were significant for a 30 and 50% change in disability at 1 year with the univariate analyses. Older age, leg pain greater than back pain, and higher baseline SF-12 MCS and SF-12 PCS scores were associated with favorable results, whereas higher baseline BMI, higher baseline report of disability, higher baseline report of back pain, and previous surgical history were associated with poorer results (Table 4) . For the multivariate regressionbased outcomes, all findings were similar to the univariate analyses with the exception of SF-12 PCS, which was not statistically significant in either 30 or 50% change and baseline pain which was not significantly associated with a 50% change (Table 5 ).
Discussion
The aims of this study were to describe characteristics of patients who received lumbar fusion surgery and identify predictive baseline characteristics from a spine repository that were related to poor and favorable pain and disability outcomes for patients who received lumbar fusion (with or without decompression), who were followed up for 1 full year. Further, we aimed to discriminate predictor variables that were either unique (previously unreported) or in contrast to prognostic variables reported in the literature. We did find a number of findings that were unique or conflicting versus those that are consistent prognostic variables for all musculoskeletal interventions. Because of their conflictive/unique nature, the values may suggest that these are indeed treatment effect modifiers and could guide decisions with respect to appropriate treatment choices (i.e., surgery versus another option) [21, 24] . In particular, we feel that the findings that older age is associated with a better outcome for both pain and disability, leg pain greater than was associated with improvement in disability, and higher BMIs associated with poorer outcomes is worth discussing Before discussing the discriminant predictors, it is worth noting that there are a number of limitations in this study. This retrospective study looked at relationships at baseline to 1 year outcomes. A comparative arm would likely assist in identifying unique predictive characteristics that are unique to surgery and are not general predictive findings of outcome with any kind of intervention. Further, the study outcomes are only for 1 full year. Longer-term outcomes would provide more valuable predictive ability and a notable estimate on the influence of surgery recipients. Most prognostic studies suggest that younger individuals are more likely to demonstrate a better outcome, with any form of intervention [27] . A past case series demonstrated that poor satisfaction, implant loosening, and underlying osteoporosis were common in older individuals who received multilevel spinal fusions [32] . Older age has been identified as a predictor of greater frequency of surgical complications [2] . There are many possible reasons for our finding that older age is associated with improved outcomes with fusion, including the method in which we categorized age (i.e., ≥52 years and other). However, we noticed a continued trend toward improved outcomes, even when ages much older than 52 were analyzed. Additionally, one may argue that older individuals are better candidates physiologically for a decompression-based surgery since they are likely to encounter degenerative changes that lead to nerve root irritation [20] . Lastly, the elderly may be less sensitive to psychological and compensational influences (work-related issues), which have been shown to negatively influence the outcomes of spine fusion surgery [19] . We are unaware of any studies that have examined age as a predictor for outcomes for fusion while controlling for potential interactions. Certainly, more studies are needed to explore this finding.
Leg pain greater than back pain is a unique (or conflicting) finding that deserves further attention. A past systematic review [35] that focused on sciatica (which was defined as low backrelated leg pain and related disabilities) found very few characteristics associated with a positive or negative recovery (with conservative care or surgery). In their study, they did not specify the intensity or ratio of leg pain versus back pain. Our definition required leg pain greater than back pain, a symptomatic distinction that greatly limited the numbers of those with sciatica/leg pain who qualified as a positive finding in our study. In our full sample, 93.5% of individuals reported some level of leg pain. Yet of these individuals, only 24.9% (634) identified leg pain greater than back pain. It is our perception that leg pain greater than back pain implies a nerve-related disorder; one that may be amenable to fusion/decompression methods. Further, it is known that those with leg pain and neurological signs have been shown to improve the greatest from baseline with surgery [29, 36] .
We found higher BMI to be a predictor of poorer outcomes with surgery. This is in contrast to others that have explored the predictive capacity of BMI with fusion outcomes [10, 33] . Djurasovic and colleagues [36] investigated the influence of BMI after dichotomizing the variable to ≥30, which was different than the method used for coding in our study (a continuous code). In contrast, Rosen et al. [33] did not find statistical significance when BMI was used as a continuous code but did when they categorized BMI. In both studies, the sample size of 270 was just a tenth of the total in this study, which could have influenced the capacity of the analyses to identify statistical significance, and although our finding was statistically significant, it is questionable whether it is of clinical significance.
A number of findings were prognostic, but are not true effect modifiers. For example, SF-12 (or SF-36) MCS scores and higher baseline disability have been recognized by other as general prognostic variables [5] . Previous surgical history [7] has been recognized as a Bbiological condition^since it can lead to weakness, spinal limitations, and prolonged recovery, yet there are likely psychosocial characteristics affiliated with the condition as well. It is our perception that although this knowledge is useful when determining projected outcomes with fusion, these variables are not essential findings when predicting specific outcomes for surgical fusion versus another comparative treatment. Certainly, one should not withhold fusion as a surgical option based on the presence of these factors at baseline.
We used the IMMPACT criteria [11] to categorize those who met a lower level of success and who met a substantially clinically important change. Yet, it is also useful to look at improvement without the boundaries placed on our outcomes. In the repository sample, 66% of fusion recipients reported at least some improvement in pain at 1 year, whereas 79% of recipients reported an improvement in disability. No improvement was defined as reporting any values equal to or lower than the originally reported baseline variable (≤0% change). Because of differences in the way outcomes are reported across studies, it is difficult to compare our results to those in the literature. Nonetheless, we feel these values are promising and would likely continue to improve as further exploration on appropriate selection variables continues.
Prognostic variables suggesting a favorable outcome from this repository sample included age ≥52 years and leg pain greater than back pain. These findings are unique or novel when compared to previous literature and may be useful when determining spine fusion candidacy. Further, the variables used are commonly captured in conventional clinical practice. 
